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' No gas conforms exactly to this law; however, the direction of change of any parameter resulting from a
change in any other parameter will be as the ideal gas law implies

Y In order to make this equation useful, however, it was necessary to develop a universal method of
calculating the compressibility factor

" From these two equations, one can see the primary assumption upon which the compressibility charts are
based.
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* The assumption is known as the law of corresponding states, which expresses that any two gases that are
at the same percentage of their respective critical pressure and critical tempreture behave alike

° There is exactly true, thereby making the value of the compressibility factor obtained from the charts an
approximation

" Equation Y-Y is known as an equation of state

¥ Adiabatic and Polytropic Processes

* Isothermal

* Isobaric

'* Isometric
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Adiabatic Process

Polytropic Process {when the adiabatic efficiency = 100%)

Pw = constant Pv = constant
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" These relationships for the polytropic process already have the polytropic efficiency included in the n-
value and therefore find extensive use in compressor calculations as tabulated.

' The volume ratio thus calculated differs from the actual volume ratio only by the ratio of the inlet and
discharge compressibility factors

'™ Head, Work, and efficiency

'* Stady-state , stady-flow
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'* Power
" Why use the polytropic process?
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Figure 2-1. Adiabatic efficiency as a function of pressure ratio for k=1.4 and
polvtropic efficiency = 78%.

'Y The polytropic approach offers two distinct advantages over the adiabatic approach
'* This relationship follows in a slightly different form for convenience
'* Thermodynamic state
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P, pressure

h, enthalpy
H, =H, + Hp + Hp
1-2 -1 1-1" 1"-2
Hag # Hag + Hag + Hag
1-2 1-1 1°=1* 1"-2

Figure 2-2. The sum of the stage polytropic heads equals the total polytropic head
of the compressor.
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" Once the pressure ratios are known, the adiabatic heads can be calculated and the principle discussed
proven to still hold
™ In this case, since the pressure ratio will vary from one stage to another, so will the adiabatic efficiency



Table 2-1
Stage-by-Stage Calculation

H, H.q
n, Nad T, ft-Ibf/Ibm ft-lbf/Ibm T2 T2ea
Stage T (%) (%) °R (K) (kN-m/kg) (kN-m/kg) °R (K) °R (K)
8,640 8,550 "
¢ J 617 (343 617 (343
1 1.305 78 77.2 560 (311) (25.8) (25.5) 617 (343) (343)
9,520 9,420
2 1.305 78 77.2 617 (343) (28.5) 28.2) 681 (378) 681 (378)
3 y 10,510 10,390
1.305 78 1.2 681 (378) (31.4) (31.0) 750 (417) 750 (417)
11,570 11,450
2 e 5
4 1.305 78 77.2 750 (417) (34.6) (34.2) 827 (459) 827 (459)
Results based on 29 . . . 40,240 39,810 - _
stage-by-stage . (120.3)* (118.9)
Results based on 40,240 38,450
2 5 — b 827 (459 827 (459
overall pressure ratio il . £ (120.2) (114.9) @59 453

*Difference due to round-off error
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™ How the Impeller Produces Head

" The foregoing discussion considered the polytropic head requirement necessary to elevate the pressure of
the system

" The remainder results in velocity head which later converts to an additional pressure rise in the diffuser
located in the compressor stationary hardware

'* Mechanical tip speed
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flow coefficient, 3

Figure 2-3. Typical variation of head coefficient with flow coefficient. (Note that th«
flow coefficient is a nondimensional flow term and a function of volume flow

rotational speed.)
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™ The head coefficient, 4, is a variable for any particular impeller. It increases as the flow through the

impeller decreases, and vice versa
™ This rule of thumb does not always apply
* The equations are therefore in useable form as they appear.



Table 2-3 Table 2-2

Centrifugal Compressor Equations—Metric Units Centrifugal Compressor Equations—English Units
General General
k
W.HW u.‘HH K =—n, \..uh ﬁuH z u|»|:n
P T. n-1 k-1 P, T. n-1 k-1
Compressor Ratio Equations Compressor Ratio Equations
Pressure Ratio Temperature Ratio Volume Ratio Pressure Ratio Temperature Ratio Volume Ratio
P, T, V2 P, - vy
r, = b = r, = ¥ & e F; i r, = p
r=r Py e ry = et ;, = o= o= pnn
e e Compressor Process Equations
% inhiati )
Polytropic Adiabatic Polytropic Adiabatic
Z, 8,314 n Z, 8,314 k
Head: H = —=———T. R S B £ 7~ fantre—y-y-gueet’ $-bt— ¢ 4. 1,545 K -
7 1,000 MW “'n-— ~T.v 1 1,000 MW Tk - HTv ] Hend: H =2 “‘W««\Mﬂ_ :M—?w..lc;l 11 H.=2 i N._»l ~T.w. e _ )
Discharge k-l
- T\[r, -1] ¥ T, [r&* -
= = pln=lun =— ”
tempera- Ty = r,Ti= r&p, T, = = + T, Discharge . Ty=rT, =T, Ty |_|T.h|L +T,
ture: lemperature: Nos
mH, mH . mH, mH,,
. T T = = PWR, = ——*—
st PWR, =3 600, PWR, = 3600 nm ey PWR. = 33,000, * 33,000 .
Units Units
P kPa H kN-m/kg P psia H ft-1bf/1bm
T K m kg/h T R m Ibm/min
v m’/kg PWR kW v ft’/lbm PWR horsepower
MW kg/kg-mol n % MW Ibm/Ibm-mol ) %
The following terms are dimensionless: I'he following terms are dimensionless:
e S C,
P, k= o r P, k=2 v
. ¢
& ‘e e T, 7 Z,




